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Abstract

KEIM, NANCY L., AND WILLIAM F. HORN. Restrained
eating behavior and the metabolic response to dietary
energy restriction in women. Obes Res. 2004;12:141-149.
Objective: To determine whether prior eating behavior char-
acterized by dietary restraint alters responses in energy
expenditure and substrate oxidation associated with a short-
term, energy-restricted diet.

Research Methods and Procedures: A repeated-measures,
3-day diet-intervention study of adequate (125 kJkg of
body weight) or restricted (62.5 kJ/kg) energy intake was
conducted with 30 women, 20 to 46 years, BMI 25 to 45
kg/m?, whose prior eating behavior was “restrained” or
“unrestrained.” The Eating Inventory (cognitive restraint
subscale) was used to measure restrained eating behavior.
Energy expenditure and substrate oxidation were measured
after a 12-hour fast and during the first and fourth hours
after a standard meal. Plasma glucose, nonesterified fatty
acids, and insulin were measured at corresponding times.
Body composition was determined by total body electrical
conductivity.

Results. Resting energy expenditure was not affected by 3
days of energy restriction. Short-term energy restriction
resulted in lower respiratory-exchange ratios, higher rates of
fat oxidation, and lower rates of carbohydrate oxidation.
Subjects classified as restrained eaters had higher postpran-
dia respiratory-exchange ratios and carbohydrate-oxidation
rates compared with unrestrained eaters. Fasting insulin
concentrations were lower in restrained eaters. These effects
associated with prior eating behavior were independent of
the diet intervention.
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Discussion: Metabolic outcomes associated with a 3-day
energy-restricted diet (i.e., increased fat oxidation and de-
creased carbohydrate oxidation) were not affected by prior
restrained eating behavior. However, restrained eating be-
havior was associated with increased carbohydrate oxida-
tion after a mixed meal. This effect of restrained eating
behavior may be attributable to increased insulin sensitivity.

Key words: dieting, postprandial metabolism, fat oxida-
tion, carbohydrate oxidation, insulin

Introduction

Restriction of energy intake to a level below the energy
requirement to maintain body weight is associated with a
decrease in metabolic rate. Results of human studies con-
ducted in room calorimeters indicate that even after only 1
day of consuming an energy-restricted diet, small, but sig-
nificant, decreases in energy expenditure can occur (1,2),
and the respiratory exchange ratio (RER)! also declines,
indicative of a shift toward greater reliance on fat oxidation
(2). In these short-term studies, it has been noted that the
individual response to the energy-restricted diet intervention
varied greatly. To explain some of the variation in the
metabolic response to such a diet manipulation, it is inter-
esting to consider the possibility that prior eating behavior
may have an impact on energy metabolism. In previous
reports, women who were classified as “restrained eaters’
had reduced metabalic rate (3,4) and thermic response to a
meal (5). Fat oxidation was reduced in restrained eaters
when their diets were high in fat (6). These reports led usto
hypothesize that prior eating behavior based on dietary
restraint, or the willful tendency to limit food intake to
control body weight, may impact the metabolic response to
an energy-restricted diet intervention, particularly when the
intervention is brief.

1 Nonstandard abbreviations: RER, respiratory-exchange ratio; REE, resting energy expen-
diture; HOMA, homeostasis model assessment; NEFA, nonesterified fatty acid.
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The current study was conducted to determine the effect
of ashort-term, energy-restricted diet on energy expenditure
and substrate oxidation and to determine if prior restrained
eating behavior influenced the metabolic response to this
short (3-day) diet intervention.

Research Methods and Procedures

Subjects

Premenopausal women (n = 30) were recruited to par-
ticipatein this study. Inclusion criteriaincluded age 20 to 45
years, stable body weight (= 3%) for the previous 6 months,
a body fat percentage >30%, self-reported regular men-
strual cycles, and good health status as evaluated by medical
history and examination, assessment of clinical blood chem-
istry panel, and resting electrocardiogram. Exclusion crite-
ria included body weight change of more than =3% in the
previous 6 months and current or recent (within past 18
months) pregnancy. The study was reviewed and approved
by the human subject committees of the University of
Cdlifornia-Davis and the U.S. Department of Agriculture.

Study Design

A baseline evaluation of each subject included assess-
ment of eating-behavior characteristics, resting energy ex-
penditure (REE) after an overnight fast, and body weight
and composition. The intervention consisted of a 3-day diet
intervention, followed by a fourth day of metabolic testing.
This sequence was repeated by each subject four times, with
each intervention period scheduled ~1 month apart. For the
diet intervention, subjects were randomly assigned to either
an energy-restricted or an energy-adequate intervention diet
and consumed this same prescribed diet for 3 days before
each test session. For the metabolic testing, subjects re-
ported to the laboratory in the morning after a 12-hour fast.
Weight and body composition were measured, subjects
rested quietly, REE was measured, and a fasting blood
sample was obtained. A standard test meal was ingested,
postprandial energy expenditure was measured for the first
postprandial hour, and a 1-hour postprandial blood sample
was obtained. Subjects remained in the testing area during
the second and third postprandial hours. During this time,
subjects were permitted to engage in light to moderate
activity during the second hour and then resumed sitting
quietly (watching television or reading) during the third
hour. Energy expenditure was measured again during the
fourth postprandial hour, and blood samples were obtained
at the beginning and end of this fourth hour.

Classification of Eating Behavior

The Eating Inventory (7) was used to measure restrained
eating behavior. The score for the cognitive restraint sub-
scale was used to classify subjects as restrained eaters if the
score was =11 or unrestrained eaters if the score was <11.
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Diets

All foods and beverages in the prescribed diets were
weighed and packaged for the subjects in the metabolic
kitchen of the Western Human Nutrition Research Center.
The food items selected for the diet required only simple
preparation. Subjects prepared and consumed their mealsin
their homes. They were instructed to keep records of omis-
sions and deviations from the prescribed diet.

The energy content of the 3-day diet was adjusted for
each subject on the basis of her weight; the energy-adequate
diet provided 125 kJ/kg of body weight/day, and the energy-
restricted diet provided 62.5 kJ/kg of body weight/day. For
both diets, the daily menu consisted of the same conven-
tional foods, but different portion sizes, and was repeated
for 3 consecutive days preceding the diet-intervention test
day. The macronutrient composition of the two dietswasthe
same: 60% carbohydrate, 18% protein, and 22% fat. The
test meal served on the diet-intervention test day corre-
sponded to the 3-day diet assignment and was 15% of the
prescribed daily energy intake for each subject. The meal
included orange juice, whole-wheat toast, margarine, grape
jam, and nonfat milk. Small adjustments in the energy
content of the meal were made with a complete nutrition
liquid supplement (Nutrament, Mead Johnson, Princeton,
NJ). The mean energy content of the test meal was 1531 =
69 kJ for the energy-adequate diet group and 765 + 29 kJ
for the energy-restricted diet group. The macronutrient
composition of the test meal was similar to that of the
intervention diets: 62% carbohydrate, 18% protein, and
20% fat.

Procedures

Energy expenditure and substrate-oxidation rates were
determined from respiratory gas exchange measurements
(8,9). An automated metabolic cart (2900 Metabolic Cart,
SensorMedics, Yorba Linda, CA) was used to determine
rates of oxygen consumption (Vo,) and carbon dioxide
production (Vco,) throughout the study. Measurements of
REE were taken for 30 minutes after a 12-to-14-hour fast at
baseline and after the 3-day diet-intervention periods. The
procedure commenced at approximately 8:00 Am. Subjects
sat in asemi-reclined position in acomfortable chair, resting
quietly in this position for 30 minutes before the measure-
ment. Twenty minutes of steady-state values were averaged
to determine REE. After the test meal, respiratory gases
were collected and analyzed for 45 minutes during the first
and fourth postprandial hour. To facilitate the collection of
expired breath, subjects wore inflatable face masks that
were connected to the gas-mixing chamber of the metabolic
cart through atubing assembly. The Weir equation was used
to calculate energy expenditure from measurements of Vo,
and Vco, (8). Carbohydrate- and fat-oxidation rates were
calculated using the Frayn equations (9). Urinary nitrogen
excretion was estimated from the nitrogen content of the
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prescribed diet, assuming that each subject was in nitrogen
balance and that nitrogen was excreted at a constant rate.

Body weight was measured on arrival in the laboratory
using a platform scale with a digital display (Acme Series
7000 and Ohaus PBI; Acme Scale Co., San Leandro, CA).
Before being weighed, subjects voided and changed into
surgical scrubs. Weight was recorded to the nearest 0.05 kg.
Body composition was measured using the total body elec-
trical conductivity method (HA-2 Body Composition Ana-
lyzer; EM Scan, Springfield, IL). The prediction equation
used to estimate fat-free mass was developed specifically
for overweight individuals (10).

Blood specimens were collected into vacutainers contain-
ing sodium fluoride and potassium oxalate additives.
Plasma was separated by low speed centrifugation (1100g
for 10 minutes at 0 to 4 °C) and stored at —70 °C. Glucose
concentrations were determined by the hexokinase method
(11) using reagents from Sigma Diagnostics (St. Louis,
MO), which were adapted for use on a centrifugal analyzer
(Cobas-Fara, Roche Dagnostic Systems, Somerville, NJ).
Insulin concentrations were measured using a commercially
available radioimmunoassay kit (Coat-A-Count; Diagnostic
Products Corporation, Los Angeles, CA). Using a commer-
cialy available kit (Wako Chemicals, Richmond, VA), we
determined nonesterified fatty acid (NEFA) concentrations
by a colorimetric method (12). Insulin resistance was esti-
mated by homeostasis model assessment (HOMA), using
fasting values for insulin and glucose (13).

Statistical Analysis

A genera linear regression model (SAS Version 6.12;
SAS Ingtitute, Cary, NC) was used to determine the effects
of the diet intervention, restrained eating-behavior classifi-
cation, or the interaction of these variables on energy ex-
penditure, RER, carbohydrate- and fat-oxidation rates, and
plasma concentrations of glucose, insulin, and NEFAs.
Rates of energy expenditure and substrate oxidation were
adjusted for differences in body size by including a covari-
ate representative of body size in the regression model. In
three separate analyses, we pretested fat-free mass, body
weight to the 3/4 power, or BMI as the covariates, each
yielding similar results. Because energy use occurs predom-
inantly in the fat-free tissues and because fat-free mass has
the best correlation with the energy expenditure variables,
we elected to present the results of the regression analysis
with fat-free mass as the covariate. Thus, all values of
energy expenditure and substrate-oxidation rates are re-
ported as least-square adjusted means and SEs. Other out-
come variables, including the RER and plasma variables,
were not adjusted for fat-free mass and are reported as
means +SE. The probability level for significance was set
at p < 0.05.

Results

Subject Characteristics

Fifteen subjects were assigned to the energy-restricted
diet group, 9 of whom were classified as restrained eaters
and 6 as unrestrained eaters. The other 15 subjects were
assigned to the energy-adequate diet group, 7 of whom were
restrained eaters and 8 were unrestrained eaters. The result-
ing diet-intervention X eating-behavior groups were similar
with respect to the Eating Inventory disinhibition and hun-
ger scores, age, height, and body fat percentage (Table 1).
The restrained eaters assigned to the energy-restricted diet
group weighed less (p < 0.05) and had less fat-free mass
(p < 0.05) than their unrestrained counterparts (Table 1).
Body weight and body composition remained stable
throughout each subject’s period of enrollment in the study.
(This period spanned 4 to 6 months to accommodate the
repeated-measures test schedule.) Weight and fat-free mass
varied by <3% within each subject during this time, aver-
aging 1.4% and 1.2% variation, respectively, for within-
subject measurements taken on the morning of the four test
Sessions.

Energy Expenditure

REE and fasting RER, measured at baseline before the
diet intervention, did not differ according to diet-group
assignment of eating-behavior classification (Table 2). Af-
ter the 3-day diet intervention, REE was not different
among diet-intervention X eating-behavior groups. How-
ever, REE increased from baseline in those subjects with
prior restrained eating behavior (the restrained eaters) and
decreased from baseline in those without prior restrained
eating behavior (the unrestrained eaters) (Table 2). This
main effect of eating behavior was significant (p < 0.01).

Postprandial energy expenditure was higher with the en-
ergy-adequate diet during the first hour than with the ener-
gy-restricted diet. This main effect of diet was significant
(p < 0.001). The diet-group difference lessened by the
fourth hour and was no longer significant (Table 3). Eating-
behavior classification had no effect on postprandia energy
expenditure. When either the eating-behavior classification
group or the Eating Inventory cognitive-restraint score was
included in the statistical model, the adjusted mean values
for REE and postprandial energy expenditure of the diet
groups were altered by <1%.

RER and Substrate Oxidation

Fasting RER values at baseline were similar for all
groups (Table 2). Fasting RER was lower after 3 days of the
energy-restricted diet (p < 0.001). There were no differ-
ences in intervention RER between the eating-behavior
classification groups (Table 2).

RERs during the first and fourth hours after the test meal
were lower with the energy-restricted diet compared with
the energy-adequate diet (Table 4). Restrained eaters in the
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Table 1. Dietary restraint scores and baseline physical characteristics of subjects by diet intervention group and
restrained eating behavior class

Characteristic

Energy-restricted diet

Ener gy-adequate diet

Unrestrained
(N =6)

Restrained
(N=9

Unrestrained
(N=298

Restrained
N=7)

Eating Inventory subscale,

score (range)

Cognitive restraint
Disinhibition
Hunger

Age, years

Weight, kg

Height, cm

BMI, kg/m?

Fat percentage

Fat-free mass, kg

15.2 + 1.1 (11 to 20)
8.8+ 1.5 (2t0 14)
5.1+ 3.4 (0to 12)

37.7x23
714+ 53
164 = 3
265+ 1.4%
389=*15
434 = 2.42

55+ 1.2°(2t09)
9.8 + 1.1(7to0 15)
5.3 + 2.0 (0to 14)

355+ 35

92.6 + 5.5°

168 + 3

3328+ 17°

440 + 1.0

51.7 + 2.9°

14.4 + 0.9*(11t0 17)
10.1 + 0.9 (6t0 13)
6.4 + 1.0 (2t0 10)

36.6 + 3.1
79.6 + 8.22P
166 * 3
28.6 + 2.32P
410+ 28
45.7 + 2.93P

5.9 + 1.1° (2 to 10)
9.4 + 1.7 (2t0 16)
6.6 + 1.2 (1to 11)

331+29

87.1 + 6.22P

168 + 4

30.8 = 2,12

405+ 2.0

51.2 + 2.7°

All values are means = SE.

Mean values with different superscripts (a and b) are significantly different, p < 0.05.

energy-restricted diet group had higher postprandial RERs
compared with the unrestrained eaters in this diet group
(Table 4).

Carbohydrate-oxidation rates were lower and fat-oxida-
tion rates were higher in the energy-restricted diet group
after the overnight fast and during the postprandia period.
These main effects of diet group are depicted in Figure 1 (A

and C). Eating-behavior classification affected substrate-
oxidation rates during the first hour after the test meal,
whereas carbohydrate-oxidation rate was ~20% higher in
the restrained eaters compared with the unrestrained eaters
(p < 0.005). This main effect of eating-behavior classifica-
tion is depicted in Figure 1B. Fat-oxidation rates during the
first hour were ~10% lower in the restrained eaters com-

Table 2. REE* (kJmin) and RERT (Vco,:V0,) by diet intervention group and restrained eating behavior class

Energy-restricted diet

Energy-adequate diet

Restrained Unrestrained Restrained Unrestrained
Par ameter (N =9 (N = 6) (N=7) (N =8)
REE
Baseline 405+ 0.14 4.09 + 0.17 4.07 = 0.15 4.11 + 015
Intervention 415+ 0.14 401+ 0.16 4.22 +0.15 4.08 + 0.14
Change 0.11 + 0.072 —0.05 + 0.08° 0.16 + 0.072 —0.07 = 0.07°
RER
Baseline 0.83 = 0.04 0.83 + 0.02 0.82 + 0.02 0.81 = 0.02
Intervention 0.79 = 0.012 0.78 + 0.012 0.83 + 0.01° 0.84 + 0.01°
Change —0.03 = 0.012 —0.05 + 0.022 0.01 + 0.02° 0.03 + 0.01°

* REE values are least squares means = SE, adjusted for fat-free mass (or change in fat-free mass for REE change values).

T RER values are means = SE.

Mean values with different superscripts (a and b) are significantly different, p < 0.05.
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Table 3. Postprandial energy expenditure by diet intervention group and restrained eating behavior class

Energy-restricted diet

Energy-adequate diet

Restrained Unrestrained Restrained Unrestrained
Time (N=09) (N = 6) (N=7) (N =8)
First hour
Postprandial energy expenditure* 492 + 0.15% 4.80 + 0.18% 5.40 + 0.16° 5.09 = 0.16>°
Increase from resting (%)t 18.6 = 1.22 20.7 + 2.22 276 +1.9° 254 +1.8°
Fourth hour
Postprandia energy expenditure* 448 = 0.13 459 *+ 0.16 475 * 0.14 458 £ 0.14
Increase from resting (%)t 9.2+ 20 146+ 2.3 126 £ 1.7 128+ 2.2

* Postprandial energy expenditure values are least squares means = SE, adjusted for fat-free mass.

T Increase values are means = SE.

Mean values with different superscripts (a and b) are significantly different, p < 0.05.

pared with the unrestrained eaters, but this difference was
not significant (p = 0.17). Eating-behavior classification
had no effect on substrate-oxidation rates during the fourth
postprandial hour.

Circulating Glucose, NEFA, and Insulin Concentrations

There were no differences in fasting glucose or insulin
concentrations between the diet groups (Table 5). Fasting
NEFA concentrations were higher with the energy-
restricted diet compared with the energy-adequate diet
(p < 0.01). Restrained eaters had significantly lower
fasting insulin concentrations compared with the unre-
strained eaters (Table 5). This difference in fasting insu-
lin was not attributable to differences in body weight or
body composition; none of these variables (body weight,
BMI, fat-free mass, fat mass, or percent body fat) was
significantly related to fasting insulin using analysis of
covariance.

When both fasting glucose and insulin data were used to
gauge insulin resistance with the HOMA model, the unre-
strained eaters were more insulin resistant than the re-
strained eaters (p < 0.001). The eating-behavior classifica-
tion group differences in fasting insulin and HOMA were
observed for both the energy-restricted and the energy-
adequate diet interventions (Table 5).

Postprandia glucose, NEFA, and insulin values areillus-
trated in Figure 2. One hour after the test meal, glucose
values varied widely among and within the diet-interven-
tion X eating-behavior groups, and no main effects of diet
or prior eating behavior were present. NEFA values were
not different among the groups. Insulin concentrations were
~50% lower in response to the energy-restricted diet (p <
0.001). At hours 3 and 4, insulin and glucose concentrations
were similar for the diet groups, but NEFA concentrations
were higher in the energy-restricted diet groups (p < 0.001).

Table 4. Fasting and postprandial respiratory exchange ratios by diet intervention group and restrained eating

behavior class

Energy-restricted diet

Ener gy-adequate diet

Parameter Restrained (N = 9) Unrestrained (N = 6) Restrained (N = 7) Unrestrained (N = 8)
Fasting 0.79 + 0.017 0.78 + 0.012 0.83 = 0.01° 0.84 + 0.01°
Postprandial

First hour 0.85 + 0.012 0.82 = 0.01° 0.90 = 0.01° 0.89 = 0.01°

Fourth hour 0.78 + 0.012 0.75 = 0.012 0.81 = 0.01° 0.79 = 0.01°

Vaues are means = SE.

Mean values with different superscripts (a and b) are significantly different, p < 0.05.
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Figure 1: Carbohydrate-oxidation rates (A and B) and fat-oxidation rates (C and D) of diet-intervention groups (A and C) and
eating-behavior classification groups (B and D). A and C, cross-hatched bars represent the means of the energy-restricted diet group; gray
bars represent the means of the energy-adequate diet group. B and D, cross-hatched bars represent means of al prior restrained eaters; black
bars represent means of all prior unrestrained eaters. All means have been adjusted for fat-free mass. Error bars represent SEs of the adjusted
means. Pairs of bars marked with asterisks are significantly different (p < 0.05).

Discussion
Consumption of an energy-restricted diet for 3 days, with
energy intake limited to 50% of that estimated to maintain
weight, was not associated with lower REE. This statement
is supported by the observation that intervention REE val-
ues, adjusted for fat-free mass, did not differ between the
energy-restricted and energy-adequate diet groups. The lack
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of a diet-intervention effect on REE was not altered when
eating-behavior classification was included in the statistical
analysis. Thus, we were unable to confirm our hypothesis
that prior dietary restraint altered the metabolic response to
adietary energy restriction. However, prior restrained eaters
who consumed the energy-restricted intervention diet had
increased REE compared with baseline, whereas unre-
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Table 5. Fasting glucose, NEFAS, insulin, and predicted insulin resistance of subjects by diet intervention group
and restrained eating behavior class

Energy-restricted diet Energy-adequate diet
Par ameter Restrained (N = 9) Unrestrained (N = 6) Restrained (N = 7) Unrestrained (N = 8)
Glucose (mM) 4.48 + 0.12 454 + 0.20 462+ 0.15 475+ 0.15
NEFA (mg/dL) 159.7 + 11.5% 159.9 + 11.6% 136.8 + 9.4° 116.5 + 8.7°
Insulin (pM) 54.6 + 7.7° 85.9 + 15.0° 56.2 + 9.6 88.2 = 12.5°
HOMA values 1.58 + 0.232 2.43 + 0.35° 1.72 + 0.372 271+ 0.42°

Values are means = SE.
Mean values in rows with different superscripts are significantly different, p < 0.05.

strained eaters consuming the energy-restricted intervention bitual energy intake of the unrestrained eaters. Thus, the
diet had decreased REE compared with baseline. This ob- only evidence of an effect of restrained eating behavior on
servation suggests that the plane of energy intake of the energy expenditure was the direction of change in REE
restrained eaters may have been lower during baseline when when switching from the habitual diet to the controlled
they were self-selecting their diets, compared with the ha- energy-restricted intervention diet.

A B C
Glucose NEFA Insulin
6.5 300 500
6.0 | 240 | 400 |
2 557 o 180F = 300 |
3 [ RS} 5
£ g i £
E 50¢ 120 | S 200 |
45} 60 | 100 |
4.0 L— : : : 0 b— : : ' ot— : ' :
0-h 1-h 3-h 4-h 0-h 1-h 3-h 4-h 0-h 1-h 3-h 4-h
fasting postprandial fasting postprandial fasting postprandial

—e— energy restricted - restrained
—O-- energy restricted - unrestrained
—w— energy adequate - restrained
—v-- energy adequate - unrestrained

Figure 2: Circulating glucose (A), NEFA (B), and insulin (C) concentrations of diet-intervention X eating-behavior groups. Circles
represent means of the energy-restricted diet groups, with filled circles indicating the subgroup of restrained eaters and open circles
indicating the subgroups of unrestrained eaters; triangles represent means of the energy-adequate diet groups, with filled triangles indicating
the subgroup of restrained eaters and open triangles indicating the subgroup of unrestrained eaters. Error bars are SEs. At each time-point,
means marked with different letters are statistically different (p < 0.05).
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In contrast to our energy expenditure results, dietary
energy restriction has been associated with reduced REE
(14,15). In previous short-term studies, energy expenditure
has been shown to be reduced 6% after 1 day or 1 week of
restricted intakes of 3.4 to 3.7 MJday (1,16). A similar
reduction of 6% to 7% in sleeping energy expenditure was
observed by Rumpler et a. (2) after 1 day of energy intake
that was restricted to 50% of weight maintenance level. The
dietary-energy restriction imposed in our study averaged
~5 MJ/day and resulted in an REE that was only 2% lower
than that of the energy-adequate diet group. Several limita-
tions of the present study may have contributed to our
inability to detect differences in energy expenditure be-
tween the diet-intervention groups. Our sample size was
small, with n = 15 per diet-intervention group. Our study
design, arandomized intervention trial, made it necessary to
adjust energy expenditure values for body size, a statistical
maneuver that reduced between-subject variation. A cross-
over study design, with each subject participating in both
diet interventions, would have increased the power of our
study, but could have increased subject attrition rates. Fi-
nally, although we provided all food in correct portions for
the diet interventions, there is a possibility that our subjects
did not fully comply with their diet prescriptions. However,
we did find evidence of compliance: there were clear dif-
ferences in fasting RERS such that the energy-restricted diet
intervention led to a decreased fasting RER compared with
baseline RER values and to intervention RER values mea-
sured in the energy-adequate diet group.

We did observe different rates of energy expenditure
between the energy-restricted and energy-adequate diet
groups in the first postprandial hour when energy expendi-
ture was 7% lower (p = 0.02) with the restricted diet. This
result was expected because the energy-adequate diet group
consumed a test meal that was twice as large as that of the
energy-restricted group (1.5 MJ vs. 0.76 MJ). However,
again, we observed that neither inclusion nor exclusion of the
eating-behavior classification in the statistical model atered
this acute diet effect on postprandial energy expenditure.

The effect of restrained eating behavior on energy me-
tabolism is controversial, and only a few studies have ex-
amined energy expenditure or metabolic variables in re-
strained eaters. Using the doubly labeled water technique
for measuring 24-hour energy expenditure, Tuschl et al. (3)
found that the daily energy expenditure of women who
chronically restrained their food intake was ~2.6 MJ per
day lower than that of unrestrained controls, suggesting that
their energy requirement for maintaining body weight was
lower. Poehlman et al. (4) also reported that the resting
metabolic rate, adjusted for fat free mass, was inversely
related to dietary restraint in women. Platte et al. (17) found
that resting metabolic rate was reduced significantly in
restrained eaters. It should be noted that, similar to our
findings, other investigators have failed to find an effect of
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restrained eating behavior on resting metabolic rate (18,19)
or the thermic effect of food (17,18).

The use of specific energy substrates may be altered in
response to weight loss resulting from dietary energy re-
striction. Astrup et al. (20) observed that the ratio of fat to
carbohydrate oxidation was lower in postobese women, and
Ranneries et a. (21) determined that the apparent preference
for carbohydrate fuels in postobese women was a result of
a decreased ability to oxidize fat, because the women had
normal rates of fat mobilization and higher levels of circu-
lating NEFAs. In the postprandial state, Raben et a. (6)
found that fat oxidation was suppressed in formerly obese
women after ingestion of a high-fat meal.

Restrained eating behavior has also been linked to atered
substrate use. Laessle et a. (22) reported that normal-
weight, restrained women had significantly higher concen-
trations of fasting plasma triglycerides compared with un-
restrained women, suggesting that mobilized fatty acids are
more readily esterified in chronically restrained eaters.

With regard to substrate use, we found that consumption
of a short-term energy-restricted diet affected the use of
energy, as estimated by RER and calculated fat- and carbo-
hydrate-oxidation rates. The increase in fat oxidation and
the decrease in carbohydrate oxidation with the energy-
restricted diet were expected, because others have reported
arapid change in substrate oxidation with short-term energy
restriction (1,2). Furthermore, we found no evidence to
indicate that prior restrained eating behavior modulated the
fasting substrate use response to the short-term diet energy-
restriction. We did, however, find that in the first hour after
the ingestion of a high-carbohydrate meal, the oxidation of
carbohydrate was enhanced in those subjects with prior
restrained eating behavior. This behavior effect on carbo-
hydrate-oxidation rate was independent of the diet-interven-
tion effect. Verboeket-van de Venne et a. (23) found that
24-hour respiratory quotient and carbohydrate oxidation
were higher and fat oxidation lower in restrained subjects.
The restrained eating-behavior effect on fat oxidation was
accentuated when low carbohydrate diets were consumed.
In our study, despite the observed differences in postpran-
dia RER between eating-behavior classification groups, fat
oxidation was not significantly altered by prior restraint. We
might have observed a stronger effect of restrained eating
behavior on fat oxidation if our test meals had been com-
prised of less carbohydrate and more fat.

Insulin plays a predominant role in energy fuel use. We
observed that the restrained eaters had reduced fasting in-
sulin levels compared with the unrestrained eaters. This
finding was independent of the diet-group assignment or
differences in body weight or composition. When the
HOMA technique was applied, our restrained eaters were
also less insulin resistant. Pirke et al. (24) reported signifi-
cantly lower fasting insulin levels in restrained eaters of
normal body weight. Similarly, Raben et a. (6) found
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evidence of increased insulin sensitivity in formerly obese
women predisposed to obesity. Taken together, these obser-
vations lend support to the idea that insulin sensitivity may
be increased in individuals with restrained eating behavior.
With thisincreased insulin sensitivity, it would be expected,
as we observed, that carbohydrate oxidation is favored in
restrained eaters.

In conclusion, carbohydrate oxidation was increased
early in the postprandial period in women with prior re-
strained eating behavior. Thisfinding may be attributable to
increased insulin sengitivity in this group. Restrained eating
behavior is an important element that deserves consider-
ation in future studies of postprandial metabolism. Elevated
RER and reduced propensity to oxidize fat, which are also
characteristic of postobese subjects (6,21,25), may be indic-
ative of a metabolism that favors storage of fat and have
been linked to increased risk of weight gain (26). A better
understanding of the biochemical factors underlying this
altered metabolism in individuals with restrained esting
behavior and in postobese subjects is needed.
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